AESTRACT
A calculation of the intrinsic stacking fault energy in silicon has been carried out to second order perturbatio'n in the pseudo potential formalism.
The ca lcuLated re~Lllt is 55 erg/cm 2, which is in remarkably good agreement with the experimental value. §INTRODU CTIO N The numerical values of stacking fault energies are important parameters in the theory of pLastic deformation. The experimental determination of those values has im proved enormously in the last few years with the development of the weak beam technique in electron microscopy (Cockayne et aI, 1969) . The metho.d has been used to determine the separation of partial dislocations, from which stacking fault energies can be obtained. It has been applied to various systems: Cu -10% At (Cockayne et al, 1969) , silicon (Ray and Cockayne, J970) , copper andsilver (Cockayne et aI, 1972) , gold (Jenkins, 1972) ', germanium (Hiiussermann and Schaumb.urg, 1973 ) and more recently boron-implanted silicon (Chen and Thomas, to be publish~d).
The most importan:t advantage of t.he weak beam tech.nique is the narrowness of the image width. The image peak defines accurately·the position of· the partials; it is possible therefore to resolve closely spaced partial dislo- the resolution of dislocation separation of the order 0[40 A or so are so extremely stringent that it is very desirable to have a theoretical estimate of stacking fault energies on hand so as to save fruitless efforts to the experimentalist in this field. .We have chosen to determine the stacking fault energy in diamondstructured silicon for several reasons:
(i) The PP is very well known and has been repeatedly tested Heine 1970, Au-Yang and Cohen, 1969 ) against many experimental data.
(ii) A local PP works extremely well for silicon.
The experimental value of the stacking fault energy (Ray and Cockayne, 1970) , 55 erg/cm 2 is wellknow n and more accurate than most •.
(iv) . An intrinsic stacking fault in Si does not change the local tetrahedral coordination of any atom and therefore chemical-bond arguments (Phillips 1969 ) point out to the s.uitability of PP schemes and ordinary linear screening theory.
(v) The stacking fault properties can be used to supplement information on the properties of the various polytypes and amorphous forms of silicon, .
. which are presently the subject of intensive studies (Joannopoulos and Cohen, 1973) .
(vi) We would like to ~est a PP calculation of this sort to see whether in an open structure (e. g. the diamond structure) it works better than in a closed-packed one.
In section 2 we present ~he details of the calculation. Section 3, contains a brief disc ussion. where
vb(q) is the screened PP form factor, EO(q) is the Lindhard-Hartree dielectric function (Harrison 1966) , 2 is the valence of the ions (2 = 4 for silicon), SO(q) is the structure factor for the perfect lattice and S(q) is the structure factor for the lattice with the stacking fault. We must now:
. . ' . '(a)' Choose a good p~ form factor . ' vb(q) ,and, express it in a 'convenient , and two consecutive planes of different kmd are separated by 8 2 '= a~3/J2 = JA8a~u.,
Since the pla,ne:~; come always in pa,irs (AA),' or '(EE), or (Cc), we Can' , denote each pair by its corresponding primed letter, and therefore the, silicon perfect crystal is given by •
(2.10)
' .
This is the lowest energy fault, since. it preserves the tetrahedral environ-" ment of each silicon atom. ' It has however a small sequence
which corresponds to a v 1 urtzite (rather than diamond) type structure.
We may remark now that since the diamond structure in the f. c. c.
structure with a basis (two atoms per unit cell) 1 and since the (2.9) and (2. 10) sequences are identical to those discussedby Hodges (1967) for the £. c. c. structures. We therefore obtain our structure factors easily by applying (2) Second order perturbation theory;
.. Of these we have tried to keep (7) to a reasonable value so as to ensure two significant figures of the final result; (1) is probably negligible if taken -10 -in conjunction with ( 3) (Cohen and Heine 1970) ; (4) is very small for silicon but may be more significant for heavier or lighter semiconductors.
Since the stacking fault calculation invo lves no volume change, (2) is a very good appeoximation (Harrison 1966) , and so is (5).
In the evaluation of the integral (2. 1) the difference q S(q) 12 -I sO (q) 12} vanishes for values of q smaller tha n G 1 = O. 8G5 a. u. (this is the smallest non-vanishing projection of a reciprocal lattice vector onto the stacki.ng fault plane;). Therefore the diel·::ctric function (O(q) is needed only for q > G l ' i. e. a region outside the range where the semiconducting· character of the crystal and the bond charge make a sizeable difference (Phillips 1969) ; hence (6) should be also a good approximation.
In summary, (1)-(7) are all justifiable and the errors should be small. It is however very surprising that our agreement with experiment is so good, and this can be ::>nly fortuitous. We are nonetheless encQuraged by the results and fee1 that similar calculations should be extended to other This work was partially done WIder the U. S. Atomic Energy Conunission.
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